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The disrupted core (transition-phase) behavior for an early version of t.hc

heterogeneous core configuration for the Conceptual Design Study (CDS)

reactor has been ●valuated for a postulated unprotected tranaient undercool~ng

accident. As a result of the low sodium void reactivity and high incoherence,

the initiating-phaae was non-energetic. Nowever, extensive axial blanket

blockage formation and low fuel leases during thz initiating-~ha.se rai~ed the

possibility of transition-phaae ent*rgetics.

The end-of-equilibrium cycle calrulatlon used SAS3D2 for the

initiating-phase and SIMMER-113 for thu transition-phaae, with SASSIN4

performing the data transfer between the two codes. A slowly developing

initiating-phase (approximately 30 a) waa p:edicted , ending with two suhprompL

critical bursts which produced a

was extensive in the upper axial

blocked in the lead channel when

large amount of mobile fuel. Clad blockngc

blanket, and tho lower axial blanket was

the SAS3D calculaLiOn wa~ terminated.

The SIMMER-II calculation extended over a 14 s pe~lod. During Lh.a

period, the structure in l.he core rcgiorl WaIJ pro}{rvl!siv~tly deslroyed, with

unly a few centrnl aubaascmblies remainjng nt lh~ und. OVcr half of Lhu

%’ork performed under Lhe au~pIcjes of the US Nuclear Regulatory CommlnHlcm.
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fibsile inventory wag removed from the original core region, with, the

remainder
)
I

ttiansient

ip enomena

being a dense ❑ixture of liquid and particulate fuel an; steel. The

progressed through a series of subphases where different physical

dominated:

Subphase 1 - Fuel Slumping/Draining - 0 co 2.5 s. The first subphase was

characterized by a continuation of the slumping activity predicted fn the

initiating phase calculation; s series of four prompt- or near-prompt-critical

power bursts occurred. The energy released was sufficient to disrupt nearly

all of the remaining fuel in all three driver regions. The molten mixture had

a sufficiently high average temperature, approximately 4000 K, to become

dispersive, thus terminating this series of recriticalities.

Subphase 2 - 1-D Dynamic Dispersive - 2.5 to 6.0 s. Tile second subphase

was characterized by one dimensional dynamic-dispersive (boilup) beha for; the

preferential production of fuel and steel vupor at the pool center and

subsequent condensation at the colder extremities kept the mixture axially

di8persed and subcritical. The churning mixture rapidly transferred heaL to

the driver can walls and ca~aed extensive failurea within 2 a. The heat loss

rotea greatly exceeded the power production during this period --- rapidly

quenching the fuel-steel mixture, and resulting in a loss of the support~ng

vapor pressure, The pool tiubseqllently collapsed, producing M super prompL

critical burst that reached a maximum reactivity of $1.10; however, the pcnk

fuel temperatures did not exceed 4700 K.

Sukphu~e 3 - 2-D Dynamic Dispersive - 6,0 to 9,0 s. The thfrd suhphasu

was characterized by two dimensional dynamic-dfspers~ve (hoflup) behnvior;

vapor produced near the hotter pool center was now able LO move rtidially --

wlLh the drJver cun VN1lS failed -- allowing L]IC Ilqujd mjxturc LO drilil]
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downward and thus slip by the vapor bubbles. Large fuel losses from the core
L

r$gion occurred due to pressures developed during and after the hrst which
1

terminated the previous subphase.

1

Progressive disruption of annular and

radial blankets is predicted during this subphsse , with enrichment dilution of

the pool occurring as a result of intermixing. As a consequence, the rI?aC~CJr

remained subcritical.

Subphase 4 - Blowdown - 9.0 to 14.0 s. Ln the final subphase, the

dispersive behavic: was Suppressed as the addition of cold bla~lket and

structure material quenched the pool. Failure of cor,trol rod channels

permitted venting of noncondensible gases - sodium vapor and fission gas. Tl)c

drop in pressure permitted entrained gas in the pool to expend and move to the

pool surface. A slow collapse then occurred; however, accumulated fuel 10SSCS

and enrichment dilution prevented recriticality.

The credibility of SIMMER-II trtinsition-phace cnlculatiuns has been

addressed by several different appr~aches. The basic SIMMER-11 fluid dynamics

treatment -- which dependa on the conservation of mass, momentumt nnd energy

-- has been testeds extensively by comparison to boLh analytic SOIUL{OIIG nncl

experiments, In addition, SIMMER-II~s ubility to prcdicl static rcacLiviiy

r,
changes between distort~d core geometries has been previously eslablishud.

The testing of ❑odels fur rate-controlled processes (mnss, momvntum, and

heat-transfer) can be perforrnnfl only relative to spcc~ftc dyn~mic rcg~mi)s.

Two appects are addrceaed here-

(1) The assessment of recriticality potenti{~l Rt.rongJy dcpcllcls on LIW
fiSRile inventory r?maining wjthin the core fit a giVcn time, tlluH thtI
modeling of plugging ond freezing pht~nomeno js fund~lmontnl . A ~crf~’~
of sepurate SIMMER-II calculations were performed for compurt~un L()
recent experiments.7 11 wa~ det.ermined~ flint l,hc different
penetration ch~racterisLlcs observed can bc explain~d prlmarfly by
heat capncity argunwsntB. Thu fret!zing modcl~ u~ed by SIMMER-II
compared well with the (tomplete set of experimental re~ult~,
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(2) The stability of the dynamic dispersive or “boilup” regime Is
important because the rate and coherence of pool collapag determines
reactivity ramp rates. A series of separate SIMMER-11 ~

I
I calculations was periormed for comparison to other calculated
# resultal”. based on ❑ ore mechanistic and detailed modeling and to

I
related experimental results. Variations in predicted boilup
behavior du~ to dependencies on void fraction, interfield drag,
noding variations, flow regime, and boundary conditions were assessed
and found to be relatively small. The overall simulation of steady
boilup by SllfMER-ll is shown to be credible. SIMMER-II predictions
of fuel crust growth strongly impact the duration of the boilup state
but were not directly included; some results are included in Ref 8,
however.

In summary, a mechanistic calculation of a complete transition-phase

eequence for a large heterogeneous core LMFBR has been performed.

Recriticalities occurred as the disruption progressed through a series of

different subphases. The number and severity of “ecriticalfties was dfrecLly

related to the timing and scale of fuel removal and coherence of material

❑otion. The energetic associa!.ed with transition-phase are not yet resolved

but our understanding of the characteristics of dis;”uption and the effects of

uncertainties has been uxtended significantly.
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